It is very difficult to apply traditional observer design and analysis methods directly to the interval observer. What is worse, the existing design and analysis tools for interval observers are very limited, and most of them are targeted at linear systems. Nevertheless, as most of actual control systems are non-linear in nature, there is an urgent need to develop an interval observer design theory targeted to non-linear systems. In this paper, the author puts forward an interval observer design method for discrete systems subject to actuator saturation so as to estimate the state interval of the systems even if there is an unknown non-linear function.
INTRODUCTION
State estimation has always been a core issue in control system design and has been widely used in engineering practice. However, with the development of science and technology, traditional state estimation theories have ran into a bottleneck: it is difficult or even impossible to accurately estimate the internal state of an actual system due to the heavy presence of all sorts of uncertainties. Against this backdrop, the interval observer came into being. Because of the prevalence of uncertainties in actual systems, recent years has seen continued focus on the state estimation of uncertain systems (Zhou et al., 2013; Zhu 2012; Zhang and Xu, 2015) .Possible causes to system uncertainties include modeling error or measurement error, as well as factors like environmental noise, unknown input, controller or actuator failure, external disturbance, or parameter variation. If the state equation of a system contains uncertain factors, it is very unlikely to obtain a homogeneous and definite error equation. In this case, it is difficult or even impossible to give real-time, accurate estimation of the state but the upper and lower bounds of the state change. This leads to interval observations. Interval observer provides a range of state change (interval). In essence, it resolves uncertain issues with a non-deterministic solution, which reflects the trend of scientific development. Over the last decade, interval observer has attracted the attention of scholars from the US, Britain, France and other countries, and has become one of the research hotspots in state estimation (Gouzé et al., 2000; Moisan et al., 2009; Wang et al., 2015; Bernard and Gouzé,2004; Raïssi et al., 2012; Mazenc and Bernard, 2011; Mazenc and Niculescu, 2012) . It should be noted that it is very difficult to apply traditional observer design and analysis methods directly to the interval observer. What is worse, the existing design and analysis tools for interval observers are very limited, and most of them are targeted at linear systems. Nevertheless, as most of actual control systems are non-linear in nature, there is an urgent need to develop an interval observer design theory targeted to non-linear systems, and carry out control design accordingly. This is the scientific significance of this study (Moisan and Bernard, 2010; Efimov et al., 2012; Raïssi et al., 2010; Mazenc and Bernard, 2010; Moisan and Bernard, 2010; Mazenc and Niculescu, 2012; Mazenc and Bernard 2011) .
Interval observer has been widely used in engineering practice. It was first proposed to provide a solution to monitoring the state of a type of biochemical systems. However, there is a wide range of actual systems that are very difficult or impossible to be modeled accurately, such as some biochemical reactions, wastewater treatment systems, vehicle control systems, etc. These systems may have external disturbances with unknown statistical laws, and the inputs are uncertain. In this case, if the observer is constructed according to traditional methods, the observation error usually does not tend to zero. For example, to construct an unknown input observer, the system is required to satisfy strict "matching conditions", but actual systems may not meet the requirement. Therefore, traditional observers run into a bottleneck in handling these uncertain systems, making it difficult to estimate the state accurately. In most actual situations, however, it is not necessary to know the exact state of the system at any time. State control and fault diagnosis can ran well as long as the state interval of these systems is determined (Bernard and Gouzé, 2004) . Therefore, in most occasions, interval observer satisfies the actual needs of projects. Since interval observation provides the upper and lower bounds of the state at any time, it is possible to carry out early warning of system failure, so as to avoid accidents. Many of the major accidents in recent years are caused by poor system identification of "accident", such as the 723 Wenzhou Train Collision, 927 Shanghai Metro Line 1 Rear-end Collision, etc. Designed to deal with uncertain input, interval observer has the potential to make a difference in accident (fault) diagnosis and monitoring because accident is a kind of uncertain and infrequent input (fault). Moreover, it is difficult to apply the existing Extended Kalman Filter or Hinfinity Filter to some external perturbations or process noises which do not necessarily satisfy the statistical laws. Fortunately, because the boundary of these perturbations or parameter changes is known, interval observer can be used in control design. In engineering practice, interval observer has been applied in fault diagnosis and isolation, biological wastewater treatment, vehicle location and wind power system design (Zhou et al., 2013; Zhu, 2012; Zhang and Xu, 2015; Gouzé et al., 2000; Raïssi et al., 2010) .
If it is impossible to get a homogeneous error equation of an uncertain system, there are roughly two types of circumventions with traditional observer design theories. One is to develop an extended homogeneous system, i.e. an adaptive observer, by constructing a differential equation of uncertainties. The other is to design a reduced-order observer, which provides output from the object when the "matching conditions" are satisfied. In essence, these two types of observers still work in a deterministic way, and therefore require strong constraints on the object. For example, the latter type requires satisfaction of the matching conditions. Early in the study of wastewater treatment, it is found that the reaction rate is affected by many factors, resulting in poor effect of the adaptive observer and dissatisfaction of the matching conditions. Similar to interval observation, set-membership estimation's proposed by Schweppe et al. in the late 1960s. This method generally assumes that the initial state of the system and the noise are within the ellipsoid set, and the state at the next instant is estimated and optimized by the ellipsoidal delimitation algorithm. While the Kalman filter needs to know the statistical properties of noise, the set-membership estimation overcomes the drawback by assuming that the noise is unknown but bounded (UBB), in a way similar to interval observation. However, the set-membership estimation mainly estimates the state boundaries (mostly for discrete-time system) through the design of iterative algorithms, ruling out the need for the design of upper/lower bound observer. This is the most prominent difference between set-membership estimation and interval observer. First conceived in early 1990s during online estimation of biochemical reactions, the concept of "interval observer" was formally put forward at around 2000. Consists of two observers, i.e. the upper bound observer and the lower bound observer, interval observer is capable of identifying the upper/lower bound of state change at any time.
The question is: the linear model does not represent all the controlled objects, and in many cases (especially when the system is operating at a large scale or high precision is required), the model has a hard time even approximating the state of the objects. Since the linear model only works well on linear system, it is of great necessity and universal significance to develop nonlinear control theories. Although nonlinear model can be used to describe the controlled object, it is almost impossible to establish a mathematical model that accurately represents the overall state of the controlled system due to the limit of accuracy of the identification method and the existence of interference. To counter this problem, scholars come up with adaptive techniques and robust methods. The objects of adaptive techniques are often systems with partially or completely unknown dynamics. A system with adaptive or on-line correction capability is called an adaptive system. Therefore, adaptive techniques are targeted at the systems of limited predictability and uncertainties caused by either modeling errors (e.g. the mismatch between model parameters or structure and the controlled object) or system timevarying characteristics. The so-called limited predictability refers to the capability of estimating the conditions after a limited time. Nonlinear systems and adaptive linear systems are essentially different. The "certainty equivalence principle" of linear systems does not stand in non-linear systems, and linear system control methods, e.g. model reference and predictive control, cannot be directly applied to nonlinear systems. For a nonlinear system, it is extremely complicated to achieve the complete match between the controlled object and the reference model, let alone making a unified form for reference models. Besides, it is generally difficult to establish the prediction model of nonlinear predictive control. These methods are only applicable under certain stable conditions or local approximation. As a result, the research of nonlinear system theories are centered on the stability theory, such as Lyapunov stability (Gouzé et al., 2000) and passive stability.
State estimation and adaptive control of nonlinear systems are also based on the stability theory. The sliding model control and feedback linearization in Lyapunov stability theory are some of the mature methods. Although the state estimation and predictive control of nonlinear systems can be investigated by linear approximation in the minimum phase and under certain stability conditions, the results are too local to overcome the uncertainties in the model and measurement, failing to meet the needs of modern high-tech development. Whether the model is known or not makes a great difference in nonlinear theories. If there is a known model, almost all of the information of the objects is available, allowing the use of many mature methods. If the model is unknown, commonly used methods are learning method, fuzzy method, neural network method and hybrid methods based on the combination of these three methods. These methods often bring modeling errors. As researchers are increasingly interested in the model unknown scenario, probing into these methods a necessary step in disclosing the robustness at different uncertainties. Therefore, this paper looks into interval state estimation in nonlinear systems, and puts forward an interval observer design method so as to estimate the state interval of the systems even if there is an unknown non-linear function.
Since 2010, the interval observer has attracted more and more attention of scholars. On IEEE Transactions on Automatic Control and Automatica, the number of papers themed with interval observer is increasing year after year. Unlike Bernard team, these papers recommend some other methods for interval observer design and explore the subject from different angles. The research objects are expanded from linear time-invariant systems and planar systems to linear time-variant systems (LPV), chaotic systems, (Moisan and Bernard, 2010) feedback linearization systems, and Lipschitz nonlinear systems (Zheng et al., 2016) . Essentially the generalization of the comparison principle of differential equation, the new methods focus on providing farmer, i.e. the structure of g-function. From the perspective of scientific development, interval observer represents the trend on the cutting edge of state estimation; from the perspective of engineering application, interval observer is an effective means to handle system uncertainty. It is worth noting that most of the actual systems and industrial processes are nonlinear in nature and contain time-varying parameters. As is known to all, constraints and limits are everywhere in real life. For example, the life and power of mankind is limited, the input and output voltage and current of electrical appliances are limited to the range that the public power grid could withstand, and the production temperature and pressure are under strict control, etc. When a thing reaches the upper bound in a certain range, it is deemed as reaching the state of "saturation". The nonlinearity of saturation has a huge impact to the performance analysis and design of control systems. With the development of nonlinear control theories, scholars are increasingly aware of the limitations of previous research methods. For instance, it is theoretically possible to design a control law for a control system so that the system could stabilize or achieve a desired performance, but there is no unified observer design theory for common nonlinear systems.
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PROBLEM DESCRIPTION AND RELEVANT CONCEPTS
The author firstly gives the following definitions: Consider the following discrete-time system subject to actuator saturation: 
 
Sat  is a saturation function, which is described as follows: Assumption 2: The system   , AC is observable.
Lemma 1 (Efimov and Perruquetti et al, 2013) : For discrete systems
DESIGN OF DISCRETE-TIME SYSTEM INTERVAL OBSERVER WITH ACTUATOR SATURATION

If
A is the constant matrix of Schur and 0 A  or 0 A  , the interval observer can be designed as: 
. After rearrangement, the author obtains:
A is the constant matrix of Schur , and 0 A  , then 
According to Lemma 1, for any 0 k  , there is:
. The proof is completed.
SIMULATION
Considering that system (1) has the following parameters: 
5.CONCLUSION
Capable of identifying the upper and lower bounds of system state at any time, interval observation can solve many practical control problems. Most of the previous interval observers are designed for linear systems. As most of actual control systems are nonlinear in nature, there is an urgent need to develop an interval observer design theory targeted to non-linear systems. Targeted at discrete-time systems subject to actuator saturation, this paper puts forward a novel way of designing interval state observer for discrete-time systems subject to actuator saturation, carries out rigorous reasoning and proof, and proves the correctness and effectiveness of the method through simulation.
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